Abstract. High-risk human papillomavirus (HPV)16/18 infection in the development of lung cancer has previously been identified, and fragile histidine triad (FHIT) loss and p53 mutation are frequently observed in the disease. However, the association between these factors has not been well studied. The present study aimed to further investigate the significance of HPV infection, FHIT loss and p53 mutations in the development of lung cancer and their possible associations. DNA was extracted from paraffin-embedded specimens from 88 cases of squamous cell carcinoma (SCC), 56 of adenocarcinoma (AC), 36 of small cell lung carcinoma (SCLC) and 110 non-cancer control cases of lung neoplasms. The prevalence of HPV infection was determined by polymerase chain reaction analysis, and FHIT loss and p53 mutations were detected by immunohistochemistry. The χ 2 , Fisher's exact and Pearson correlation tests were applied for statistical analysis. The results of the present study demonstrated that HPVL1 (the major capsid protein of HPV), HPV16 and HPV18 infection were more prevalent in the lung cancer samples compared with the non-cancer controls (all P<0.001). FHIT loss occurred more frequently in the lung cancer samples (44.44%) compared with the non-cancer controls (7.25%) (P<0.001). FHIT loss in the HPVL1-positive group was significantly increased compared with the HPVL1-negative group in the lung cancer cases and the non-cancer controls (P<0.05). In the lung cancer cases, the p53 mutation rates in the HPVL1-and HPV16/18-positive groups were significantly increased compared with the HPVL1-and HPV16/18-negative groups (P<0.05). In the 180 lung cancer cases, the coexistence rate of FHIT loss and a history of smoking was 38.33% (69/180; Pearson contingency coefficient of r=0.318; P<0.001). FHIT loss and p53 mutation exhibited a synergistic effect on HPV-associated lung cancer (Pearson contingency coefficient r= 0.357, P<0.001). The present study demonstrated that FHIT loss may be important in the occurrence of lung cancer, particularly in lung SCCs. FHIT loss may therefore be used as an early indicator for lung cancer, particularly for patients with a history of smoking. HPV infection in lung tumorigenesis may, at least in part, be mediated through FHIT loss. FHIT loss and p53 mutation may coordinate together in the development of HPV-associated lung cancer, and accelerate the occurrence and development of lung cancer.
Introduction
Human papillomavirus (HPV) is a double-stranded DNA virus, and is an established etiological agent that may lead to the development of cervical cancer following infection. In total, >100 different HPV genotypes have been identified. HPVL1 is the main structural and major capsid protein of HPV, which contains stable immunogenicity. Thus, HPVL1 detection can indicate HPV infection. High-risk HPV16 and HPV18 are the most common oncogenic types, leading to the development of cervical carcinomas and a variety of different types of reproductive system malignant tumor (1) (2) (3) (4) . Lung cancer is one of the most common cancers and the leading cause of cancer-associated mortality in the world. The pathogenesis of lung cancer is complex, and is considered to be a result of the interaction between environmental and genetic factors. Previous studies have demonstrated that high-risk HPV16/18 may be closely associated with lung cancer (5) (6) (7) (8) (9) , but the mechanisms are not yet fully elucidated.
The fragile histidine triad (FHIT) gene is a candidate tumor suppressor gene located at chromosome 3p14.2 and encompassing the FRA3B common fragile site (the most active chromosome breakage site in the human genome). FHIT anomalies are associated with the occurrence and development of a variety of malignant tumors. When a tumor develops, tumor cell proliferation gradually increases, while FHIT protein expression decreases. A previous study of cervical squamous cell carcinomas (SCCs) demonstrated that the HPV16 integration point was between FHIT exon 3 and 5. During the process of HPV16 integration, it may induce the deletion of exons within FHIT leading to its inactivation (10) (11) (12) . Although data has indicated that there may be an association between FHIT loss and HPV infection, the exact mechanism remains poorly understood. FHIT loss is a frequent event in HPV-positive lung cancer (13) , indicating that FHIT loss may be significant in the occurrence and development of HPV-associated lung cancer. FHIT loss has been observed in the early stages of tumorigenesis and may be a potential marker of HPV-associated lung cancer.
Our previous study identified that mutations in p53 contributed to high-risk HPV16/18-infected lung cancer cases (14) . The role of p53 is to safeguard the integrity of the genome by inducing cell cycle arrest or apoptosis in response to DNA damage (15) . In HPV16/18-infected lung cancer cases, E6 is bound to the p53 tumor suppressor gene, and thereby induces p53 degradation or mutation (14) . One hypothesis is that there is a correlation between high-risk HPV16/18 infection and FHIT loss and p53 mutation. However, further study has not been conducted to investigate this potential association in HPV-associated lung cancer. The role of HPV16/18 in the development of lung cancer has previously been investigated, and FHIT loss and p53 mutation have been frequently observed in the disease; however, the association between them is not well studied. The present study further investigated the significance of HPV infection, FHIT loss and p53 mutation in the development of lung cancer and their possible associations.
Materials and methods
Ethical statement. The study was approved by the Ethics Committee of Xi'an Jiaotong University (Xi'an, Shaanxi, China; no. 20120099). Written informed consent was obtained from each patient prior to participation in the study. DNA extraction. The 4% paraformaldehyde-fixed and paraffin-embedded tissue samples were cut into 10-µm slices and placed into 1.5-ml Eppendorf tubes as described previously (16) . The specimens were then treated with 1 ml of xylene, followed by 1 ml of ethanol. Following centrifugation at 14,020 x g at 4˚C for 5 min, the pellet, which contained the precipitated DNA, was resuspended in digestion buffer (50 mM Tris-Cl, pH 8.0; 1 mM EDTA, pH 8.0; 0.5% Tween-20) containing 200 µg of proteinase K (Invitrogen Life Technologies, Carlsbad, CA, USA) and incubated at 56˚C overnight. After incubation, the solution was heated at 100˚C for 10 min and centrifuged at 14,020 x g at 4˚C for 10 min. An aliquot of the supernatant, containing the precipitated DNA, was stored at -20˚C prior to use.
Patients and samples.
β-globin polymerase chain reaction (PCR). The method for β-globin detection and evaluation was performed as previously described (6) . PCO 3 /PCO 4 (110 bp) primers (PCO 3 primer, 5'-ACACAACTGTGTTCACTGC-3'; and PCO 4 primer, 5'-CAACTTCATCCACGTTCACC-3') were used as the internal positive control. The PCR conditions were as follows: Initial denaturation at 95˚C for 4 min, 40 cycles with a cycling profile of 95˚C for 1 min, 52˚C for 1 min and 72˚C for 2 min, and a final extension for 5 min at 72˚C.
Quantitative PCR. The thermal conditions of amplification were as follows: Initial denaturation at 94˚C for 5 min, followed by 30 cycles of 94˚C for 30 sec, 45-55˚C for 30 sec and 72˚C for 1 min, and a final extension at 72˚C for 5 min. The primer sets were synthesized by Shaanxi Jintai Biological Engineering Co., Ltd., (Xi'an, China) and are presented in Table I .
Negative and positive controls were designed for each experiment. Sterilized water was used as the negative control and a HPV-infected condyloma acuminatum specimen was used as the HPV general positive control. The HPV16-and HPV18-positive control was DNA purified from infected SiHa cells and HeLa cells, respectively.
Immunohistochemisty (IHC).
IHC was used to detect the FHIT protein expression and p53 mutation. The rabbit anti-human FHIT polyclonal antibody and the SP kit were produced by Thermo Fisher Scientific, Inc. Phosphate-buffered saline was used as a negative control instead of the primary antibody. The IHC was undertaken according to the manufacturer's instructions. The results were evaluated independently by three observers. FHIT protein was expressed in the cytoplasm. Staining of FHIT loss was characterized by no cytoplasmic staining in the tumor cells. Each slide was evaluated in 10 visual fields under a microscope (BH-2 Optical Microscope, Olympus Corporation, Tokyo, Japan) at x400 magnification. In each visual field, 100 cells were evaluated, resulting in a total of 1,000 cells per section; the percentage of positive expression of each section was then calculated from these observations. The methods for detecting and evaluating mutations in p53 have been previously described (15 (Table III) . In addition, the coexistence rate of FHIT loss and a smoking history in the 180 lung cancer cases was 38.33% (69/180) and the Pearson contingency coefficient was r=0.318, (P<0.001) (Table IV) .
FHIT loss and p53 mutation in lung cancer cases and non-cancer controls. For the lung cancer cases and non-cancer controls, the rate of FHIT loss in the HPVL1-positive group (69.00% and 62.50%, respectively) was significantly increased compared with that in the HPV-negative group (42.50 and 8.82%; P=0.002 and P<0.001, respectively; Table V ). In the lung cancer cases, the rate of FHIT loss in the HPV16-and 18-positive groups (77.61 and 71.43%, respectively) was significantly increased compared with the rate in the HPV16-and 18-negative groups (47.79 and 49.19%; P=0.003 and P=0.029, respectively). IHC was used to investigate p53 mutation in the lung tissues. In the non-cancer controls, no significant difference was observed in the p53 mutation rate between the HPVL1-positive group and the HPVL1-negative group (P=0.987). By contrast, in the lung cancer cases, the p53 mutation rate in the HPVL1-and 
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HPV16-positive groups (71.00 and 76.12%, respectively) was significantly increased compared with the HPVL1-and HPV16-negative groups (48.75 and 52.21%; P= 0.016 and P= 0.014, respectively). However, no significant difference in p53 mutation was observed between the HPV18-positive group and the HPV18-negative group (P=0.072) ( Table V) .
Correlation between FHIT loss and p53 mutation in HPV-positive lung cancer cases. After obtaining the results showing that
HPV infection correlated with FHIT loss and p53 mutation in the lung tissues, it was also observed that FHIT loss coexisted with p53 mutation in 57.00% (57/100) of the HPV-positive lung cancer cases. Due to the high coexistence of FHIT loss and p53 mutation in the HPV-positive lung cancer cases, a correlative study of them was conducted. The analysis demonstrated that FHIT loss and p53 mutation possessed synergistic effects in the lung cancer cases with HPV-infection (Pearson contingency coefficient, r=0.357; P<0.001) (Table VI; Fig. 1 ).
Discussion
HPV infection, particularly high-risk HPV16/18 infection, has been identified as a risk factor for the development of cervical cancer, lung cancer and other malignant tumors (1, 2, 17, 18) . Previous studies have reported that the involvement of HPV16/18 infection in lung tumorigenesis may be mediated through FHIT and p53 (7, 13, 14, 19, 20) . However, the interaction between HPV and FHIT is not fully understood, and the association between p53 and FHIT in HPV-infected lung cancer has not been well studied. Therefore the present study aimed to investigate this area of research. The present study demonstrated that HPV infection was more common in lung cancer cases compared with non-cancer controls (P<0.001). The predominant genotypes were the high-risk HPV16 and/or HPV18 genotypes. HPV16 detection was not correlated with the degree of cell differentiation, TNM stage, lymph node metastasis, gender or age (P>0.05), however, HPV16 infection was significantly associated with the histological type (P= 0.006) and smoking history (P= 0.033). The HPV16 detection rate was increased in the cases of lung SCC (51.14%) and in those with a smoking history (44.35%) compared with the cases of AC (26.79%), SCLC (19.44%) and those with no smoking history (21.43%). Similar to previous findings (6), the present study indicated that HPV, particularly high-risk HPV16/18, may be responsible for lung cancer development. The integration of high-risk HPV16/18 DNA genotypes into the host chromosome from the fragile site, FRA3B, which is adjacent to FHIT, is crucial in HPV-induced cervical carcinogenesis (21). As an important tumor suppressor gene, FHIT protein inhibits tumor progression with a wide range of tumor suppressive functions. FHIT loss consequently leads to the development of tumors (10, 12, 22) . Therefore, the present study further investigated FHIT loss in association with HPV infection and the tumor behavior of lung cancer.
The results of the present study demonstrated that the rate of FHIT loss was increased in the lung cancer group compared with the non-cancer control group (P<0.001), indicating that FHIT loss was associated with lung cancer. Pathological analysis demonstrated that FHIT loss was not correlated with the TNM stage of tumors, lymph node metastasis, gender or age (P>0.05); however, FHIT loss was significantly associated with the histological type (P= 0.003), degree of cell differentiation (P= 0.007) and smoking history (P<0.001). FHIT loss in cases of lung SCC, a low degree of cell differentiation or a smoking history was significantly increased compared with FHIT loss in cases of AC, a high degree of cell differentiation or no smoking history. This finding indicated that FHIT loss may be important in the occurrence of lung cancer, particularly in lung SCC.
Previous studies identified that the FRA3B fragile site, which is covered by FHIT, is targeted by tobacco (23) . Tobacco exposure results in an increased level of chromosome fragility at the FRA3B fragile site. The fragility of the chromosome may be related to abnormalities in replication, resulting in single-strand DNA gaps that, if unrepaired, may lead to chromosomal damage, including the deletion of distal genes, deletions within the fragile site, and translocations or other rearrangements with a break at the FRA3B fragile site. FHIT gene loss or a reduction in its expression may be associated with the instability of FRA3B (24) . Therefore, this may explain the observation that the rate of FHIT loss was increased in the cases with a history of smoking compared with no smoking history in the present study.
A previous study of cervical cancer demonstrated that FHIT anomalies were closely associated with high-risk HPV16/18 infection (23, 24) . The results of the present study demonstrated that FHIT loss was also associated with HPV infection in lung cancer. FHIT loss in the HPV-positive group was significantly increased compared with the HPV-negative group. It was similar in the HPV16/18-positive group and the HPV16/18-negative group. These results demonstrated that FHIT loss is associated with HPV infection, particularly high-risk HPV16/18 infection. The present study further indicated the role of FHIT in the tumorigenesis process and may also assist in the understanding of the role of FHIT in lung cancer. In vitro studies have demonstrated that HPV is able to insert its genes into the fragile site FRA3B adjacent to FHIT resulting in allele loss of the gene (12) . Therefore, it may reasonably be considered that HPV infection, particularly high-risk HPV16/18 infection, may induce a fissure or breaking point in the FRA3B fragile site, into which HPV-DNA may integrate into the host cell (6), resulting in the loss of FHIT protein expression. These observations indicate that FHIT loss may provide the integration site for HPV, while at the same time, the integration of HPV results in the inactivation of FHIT. Therefore, the involvement of HPV infection in lung tumorigenesis may, at least in part, be mediated through FHIT loss.
In the present study, in the non-cancer controls and lung cancer cases, the rate of FHIT loss in the HPV-positive group was significantly increased compared with the HPV-negative group (P<0.001 and P= 0.002, respectively). For the lung cancer cases, the rate of FHIT loss in the HPV16-and 18-positive groups was significantly increased compared with the HPV16/18-negative group (P=0.003 and P= 0.029, respectively). The coexistence of FHIT loss and a smoking history in the 180 lung cancer cases was 38.33% (69/180) and the Pearson contingency coefficient was r= 0.318 (P<0.001). These results may further explain the contributions to the lung tumorigenesis of FHIT loss and indicate that FHIT loss may be an early indicator for lung cancer, particularly for patients with a history of smoking.
Meanwhile, FHIT loss and p53 mutation have previously been observed to frequently occur in lung cancer and may therefore contribute to the development of lung cancer. The present study further investigated p53 mutations using IHC. In the lung cancer cases, the p53 mutation rate in the HPVL1-and HPV16-positive groups was demonstrated to be significantly increased compared with the HPVL1-and HPV16-negative groups (P= 0.016 and P= 0.014, respectively). These findings indicated that p53 mutation is associated with HPV infection, particularly HPV16 infection. The co-expression studies demonstrated that FHIT loss and p53 mutation had synergistic effects in the HPV-infected lung cancer cases, with a Pearson contingency coefficient of r= 0.357 (P<0.001), indicating that FHIT loss and p53 mutation may coordinate in the development of HPV-infected lung cancer.
In light of the findings of the present study and our previous studies (6, 14) , one hypothesis is that following infection of the lung tissue with HPV, HPV-DNA integrates into the host-cell DNA at the FRA3B fragile site and results in FHIT loss. This integration may result in the upregulation of the transcription of the E6 and E7 oncogenes. E6 expression accelerates p53 mutation (25) , which increases the possibility of a HPV-infected cells becoming malignant. Abnormal loss of FHIT occurs early and frequently in the progression from normal to malignant lesions. The results of the present study provide early epidemiological data that require further study in high-risk HPV16/18-infected lung SCC patients.
In summary, the results of the present study indicated that the involvement of HPV infection in lung tumorigenesis may, at least in part, be mediated through FHIT loss. FHIT loss and p53 mutation may be coordinated in the development of HPV-associated lung cancer, and may accelerate the occurrence and development of the disease.
